The relationship between response factor (RF) and specific zone resistance at 25°C (SZR,,) in isotachophoresis was evaluated and a linear relationship between RF and SZR,, values could be established for strong ionic components.
INTRODUCTION THEORY
Isotachophoresis (ITP) is a well known separation technique for the qualitative and quantitative analysis of ionic components using differences in effective electrophoretic mobilities. The separation mechanism is well defined and can be described by mathematical models [l-3] and over a wide range applications have been reported [4-81. Further, the method can be used for the determination of several physico-chemical parameters such as absolute mobilities and pK values [9, 10] .
When the steady state in ITP is reached, all sample zones migrate with equal velocity, r]Tp (cm/s):
where mi, mL, Ei and EL are the mobilities (cm'/V . s) of a sample ion i and the leading ion L and the electric field strengths (V/cm) in the corresponding zones, respectively.
When applying a separation technique in the analysis of an unknown sample, quantitative information cannot be easily obtained. Generally, the sample composition has to be determined first, after which calibration graphs have to be set up, before quantitative analyses are possible. A unique feature of ITP is that, in contrast to most other separation techniques, the step heights in the isotachopherograms contain both qualitative and quantitative information. In this paper, the relationship between response factor (M') and step height is discussed.
For a not too high applied electric current density, a linear relationship between step height and the specific zone resistance at 25°C (SZRz5, Cl m) is obtained, applying an a.c. detector [ll] 
Relationship between RF arld SZRP5
In Table I the mobilities at infinite dilution and the pK values of several ionic species and the compositions of several electrolyte systems, used in the calculations and experiments. are given. In order to study the relationship
between SZRzs values and quantitative parameters, we calculated for monovalent ions with an SZR25 value of 50 Q m, assuming a certain pK value. the mobilities at infinite dilution, the total concentration, the ionic concentration, the zone pH and RF value for a leading electrolyte system of 0.01 A4 HCl adjusted to pH = 3.2 by adding P-alanine. In Table II , all calculated values are given, and it can be concluded that for components with equal SZRz5 values (i.e., identical step heights and effective electrophoretic mobilities), the mobility at infinite dilution, the total concentration and the pH increase with increasing pK values, whereas the ionic concentration and the RF values decrease. This means that without further information no quantitative information can be obtained from a single step height in this way.
For strong ionic species. we calculated for the same electrolyte system as used for Table II , for different mobilities at infinite dilution, the SZRz5 values, the ionic concentration (equal to the ctO,), Table I . In Table IV all calculated values are given and in Fig. 1 
SZR,, (nrn) fact, the mathematical model for ITP is not valid because a moving boundary system is present. For the regression lines in Fig. 1 , the deviating RF values are not taken into account.
From Fig. 1 , it is clear that in all electrolyte systems linear relationships are obtained between SZRz5 and RF values. If the mobility of the sample component is very high, the influence of the counter ions on the SZR value is almost zero and hence the y-intercept is about 1 10" C/mol, the value of the Faraday constant.
Working at a constant electric current, the RF value for a sample component will be proportional to the ratio of the zone length (s) to the injected amount of the sample component.
Because the RF value is linearly related to the SZRzs and this parameter is linearly related to the step height, the zone lengths must be linearly related to the step heights for equimolar sample compositions.
If this is true in practice, it is a unique advantage of ITP that if the relationship between zone length and step height is measured with a sample of equimolar composition, for all unknown samples (independent of the kind of ionic species) the quantitative composition can be determined directly. For strong divalent ions the same relationship between zone length and step height holds, although the RF value and zone length are twice as large because the concentration in its zone is half the concentration of monovalent ions. Under Results and Discussion these relationships are established for different anionic and cationic sample compositions in different leading electrolyte systems.
EXPERIMENTAL

Instrumentation
For all ITP experiments a laboratory-built apparatus [l] with conductivity and UV detectors (254 nm) was used. In this apparatus a closed system is obtained by shielding the separation capillary from the open electrode compartments with semipermeable membranes.
A PTFE capillary tube (0.2 mm I.D.) was used. The sample was introduced with a syringe.
Chemicals
All chemicals were of analytical-reagent grade. Before preparing the sample solutions, all chemicals were dried at 105°C.
RESULTS AND DISCUSSION
To check experimentally whether a linear rela- tionship can be established between RF values and step heights, we determined the RF values by measuring the zone lengths for different amounts of monovalent strong cationic and anionic sample mixtures at an equimolar sample composition for different electrolyte systems. From the step heights we further calculated the mobilities at infinite dilution and the theoretical RF values. In Table V ,the measured step heights, the calculated mobilities at infinite dilution, the calculated SZRzs values, the calculated and measured RF values and the zone lengths of the components in the sample of equimolar composition are given. The concentrations of all monovalent sample components were 0.00154 M for the cations and 0.00167 M for the anions. The RF values were determined by measuring the zone lengths for different injection volumes. In the cationic mixture, the barium concentration was 0.00077 M and the measured zone length fits those of the monovalent cations.
In Fig. 2 , the experimentally determined relationships between (A) step heigth H and specific zone resistance SZRz5, (B) response factor RF and SZRz5, (C) zone length ZL of the equimolar sample composition and the step height H and (D) response factor RF and step height H for cations in a leading electrolyte system at pH 4.3 and 5 and anions at pH 6 are given (see Table V for further conditions). It can be concluded that all relationships are linear. The y-intercepts in Fig. 2B approximate the expected value of the Faraday constant. When choosing the sample composition, special care must be taken to avoid zone elongation due to impurities originating from the electrolyte system. Table V. For this reason, different sample components are zone length. Tn that case, the zone length of that chosen for the different electrolyte systems. Often component does not fit the relationship between impurities present in the solvent and the electrolyte zone length and step height, whereas it does fit the systems show a constant zone length, i.e.. the comrelationship between RF value and step height, as ponent present in the sample mixture with the same the slopes of the calibration graph with and without step height will have a constant elongation of its this impurity are identical. This can be seen in Fig. -----> STEP HEIGHT 2C, where the zone length of sodium (present in the electrolyte system) is much too long, whereas in Fig.  2D the measured RF values fit the linear relationship between RF and step height. As a last example, the zone lengths of a mixture with an equimolar composition of 0.00167 A4 chlorate, bromate, sulphamate, iodate, phosphate (only present at pH 3.2 and 4) and octylsulphonate were measured in anionic leading electrolytes at pH 3.2 (concentration of the leading ion 0.005 M), 4,5 and 6. In Fig. 3 , the relationships between zone length and step height are given. For all electrolyte systems linear relationships can be observed.
We also repeated several separations at different electric currents. For high electric currents, lower step heights and smaller zone lengths were observed, owing to the higher temperature of the system resulting in higher electrophoretic mobilities. Nevertheless, for all these systems, when applying different electric currents linear relationships were obtained.
CONCLUSIONS
A linear relationship between RF and SZRz5 values was established theoretically for strong anions and cations. The zone lengths per mole of component are proportional to the RF values, applying a constant direct current, and the step heights are proportional to the SZRz5 values. Hence a linear relationship can be expected between the zone lengths for an equimolar sample composition and the step heights of the components. This principle was checked for several anionic and cationic components in different electrolyte systems at different pH values. The results demonstrate that isotachophoresis has the unique advantage that, if the sample components are unknown, for strong ionic species quantitative information can be obtained in a single experiment. This can be of interest in, e.g., the study the kinetics and reaction mechanisms of unknown intermediates.
